We present the clinical and pathologic findings in a 28-year-old white woman with pulmonary fibrosis and von Recklinghausen's disease. Ultrastructural examination of a lung biopsy specimen showed increased collagen in the alveolar wall, associated with hyperplasia of granular pneumocytes. Large numbers of intraalveolar cells, morphologically suggestive of macrophages, but having tight junctions similar to epithelial cells were also present. Direct immunofluorescent examination using goat anti lgG, 1gM, IgA, compliment, albumin, and fibrinogen failed to show specific fluorescence. Despite certain structural similarities to other familial and idiopathic forms of interstitial pneumonia, the pathogenesis remains poorly understood. assaro et al,' Israel-Asselain et al,2 and Massaro and Katz3 recently documented 22 cases of pulmonary fibrosis in patients with von Recklinghausen's disease. Three additional cases have been reported from France45 and Great Britain.6 Men far outhuniber women; however, the largest number of cases have come from Veterans Administration hospitals.3 Coexisting von Recklinghausen's disease and pulmonary fibrosis have also been reported in women,5'6 as well as in a mother and son.2
§Assistant Professor of Radiology. Manuscript received March 2; revision accepted April 3. Reprint requests: Dr. Patclzefsk&, Jefferson Medical College Hospital, Philadelphia 19107 l)ecause of dyspnea and abnoriiial findings on a chest roentgenogram. Her mother had von Recklingha,isen's disease. Since childhoo(l the patient had had nIIIneroIIs cutaneous neurofibrowas and cafe an lait spots, which increased iii size and number over the past five to eight years. A seizure disorder classified as either psychomotor or grand inal epilepsy had been present for 12 years, for which she hadi taken diphenylhydantoin, 100 mg, four times a day intermittently for the past three years. Gradually increasing exertional dyspnea over the past two years progressed to the point at which she became short of breath after walking (Inc block or climbing one flight of stairs. Cough, productive of small quantities of yellow sputum was present for about line year. A chest roentgenogram was reported as within nuruiial limits in June, 1972 . A subsequent film taken in September, at Jefferson Hospital, showed mild diffuse interstitial infiltrations suggestive of fibrosis, in both lower lobes. The right apex showed linear fibrosis, but no bullae (Fig 1) .
Physical examination on admission to the hospital showed normal vital signs and blood pressure. Multiple soft, peduinclilated neurofibromas were present on the scalp, face, arms, legs, l)ack, chest, breast and abdomen. Cafe an lait spots were present over both arms and chest. Examination of the heart and lungs showed no abnormalities. 
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PATCHEFSKYET AL CHEST, VOL. 64, NO. 4, OCTOBER,1973 normal flora. Three lupus erythematosis preparations, fluorescent antinuclear antibody titer and the latex flocculation test were negative for pathologic findings. The serum compliment was 110 mg percent (normal 124 to 168 mg percent). The serum a 1 antitrypsin activity was normal. The results of the pulmonary function tests are seen in Table 1 .
On Sept 26, 1972 , an open lung biopsy was performed. The course was uneventful after operation, and she was discharged taking diphenylhydantoin, 100 mg, three times a day.
Pathology
The alveolar septae showed mild focal thickening associated with sparse interstitial infiltration by inflammatory cells, chiefly lymphocytes, and large mononuclear cells, with occasional polymorphonuclear leukocytes and rarer eosino- 
Ultrastructure
Fresh lung tissue was fixed in buffered glutaraldehyde for two hours and stored in cold buffered sucrose solution for one week. Tissue was postfixed in osmium tetroxide and embedded in a synthetic resin (Epon). Thick sections were stained with toluidine-blue, and selected blocks were stained for electron microscopy with uranyl acetate and lead citrate. An RCA EM U 4A electron microscope was used for examination. Alterations corresponding to those seen on light microscopy were present in all sections examined ultrastructurally. The interstitium between alveolar spaces was thickened by increased numbers of mature collagen fibers. Focal increase in elastic fibers was also seen. Large intraseptal macrophages with numerous membrane-bound lysosomes, as well as mast cells and rare polymorphonuclear leukocytes were present in the thickened septae. The endothelial cell cytoplasm of septal capillaries appeared swollen. There was no alteration of the epithehial or endothelial basement membranes, which remained distinct and homogeneous. Membranous pneumocytes were infrequently seen lining the alveoli. Approximately 80 to 90 percent of the cells attached to the alveolar basement membrane were granular pneumocytes, having electron dense cytoplasm and short microvilli at their free borders (Fig 4) . The cytoplasm contained characteristic laminated bodies, which were concentrated toward the luminal border of the cells. Approximately one half of the granular pneumocytes showed prominent dilatation of rough endoplasmic reticulum, which ramified throughout the cell. These cells also showed increased numbers of swollen mitochondria, and together these structures filled most of the cytoplasm (Fig 5) . Golgi apparatus were difficult to delineate in these cells. The remainder of the electron-dense cells displayed prominent Golgi apparatus and rough endoplasmic reticulum, which showed only focal cisternal dilatation. Both varieties of granular pneumocytes showed infrequent electron dense membrane-bound lysosome-like bodies and aggregated glycogen granules. A less frequently identified light cell was present on the basement membrane, often interspersed between the darker cells, and accounting for approximately 5 percent of the cells attached to the alveolar basement membrane. These were less electron dense and contained numerous laminated bodies dispersed throughout the cytoplasm. The microvilhi at the luminal aspect were similar hut less numerous than those of the darker cells. The cytoplasm contained numerous ribosomes, both free and bound to the endoplasmic reticulum (Fig 6) . Golgi apparatus were easily identified, as were glycogen granules and coated vesicles. Both the light and dark cells were attached to one another by tight junctions and appeared to be variants of granular pneuinocytes.
The great majority of cells within the alveolar space had the general appearance of inacrophages. Rare granular pneumocytes were also present. The cytoplasm of the macrophages did not contain lamellar bodies and the free borders showed irregular pseudopodia, unlike the microvilhi of the granular pneumocytes. The cytoplasm showed numerous irregular electron dense bodies within vesicles, consistent with lysosomes containing lipofuscin and lipid material. Occasionally these cells showed tight junctions when in apposition to one another or with granular pneumocytes (Fig 7) . The alveolar space sometimes contained cellular debris and free laminated bodies. No fibrin was seen. Crystalline material suggestive of viral particles was not identified in the cytoplasm or nucleus. Foreign crystalline material was not observed.
Immuno fluorescent Studies
Quick frozen sections of the lung biopsy section were cut at 6 and stored at -20 C for two weeks. 
DISCUSSION
This patient had signs of von Recklinghausen's disease since childhood, with pulmonary symptoms characterized by shortness of breath and severe diffusion impairment at age 28. The coexistence of von Recklinghausen's disease and pulmonary fibrosis has been reported in patients ranging from 34 to 70 years of age, with a median of 46 years.1-6 The physiologic abnormalities exhibited in this case were otherwise similar to previous reports. Most cases have shown diffuse, bilateral interstitial infiltrates suggesting pulmonary fibrosis, roentgenographically. In addition, apical bullae were reported in 19 of 20 patients by Massaro and Katz, but eight had no evidence of disease elsewhere in the lungs.3 In the absence of physiologic data, differentiation of those patients with only apical changes from bullous emphysema can only be conjectured. Nevertheless, even if these eight cases are discarded, histologic or roentgenographic evidence of diffuse pulmonary fibrosis and alveolitis was present in over 12 percent of patients with neurofibromatosis examined in that study. The paucity of other scattered case reports suggests that the incidence of this association is actually considerably lower, and patients selectively admitted to Veterans Administration hospitals primarily because of lung disease accounted for a significant number of cases in their report. No cases of pulmonary fibrosis were encountered in the extensive study of 223 unselected cases of neurofibromatosis by Crowe et al. 8 An extraneous etiology of the lung disease in the current case could not be ascertained. The sporadic administration of diphenyihydantoin is not likely to he a significant factor. No evidence of hilar adenopathy or lupus erythematosis complicating diphenylhydantoin therapy was present.9 Interstitial pulmonary fibrosis from this drug has been suggested,10 but not generally accepted.'112
The majority of cases previously reported have shown severe interstitial fibrosis of the lung with cystic honeycombing, indistinguishable from endstage fibrosing alveolitis. Pathologically, the lung disease in our case was characterized by large numbers of intraalveolar eosinophilic cells, and the septae showed hyperplasia of alveolar lining cells with mild fibrosis and alveolitis. Subpleural cystic changes with alveolar rupture were also present. At the ultra- numbers of cells having the characteristics of intraalveolar macrophages were significant features. Increased numbers of collagen fibers were readily observed in the interstitium. The light microscopic changes were similar to those previously described in patients with von Recklinghausen's disease. Nd) previous electron micrographs have been published. Variations in the granular pneumocytes similar to that seen in the present case have been observed in cases of desquamative interstitial pneumonia (DIP) reported by Farr, et al'3 and Shortlandetal.'4 Septal collagen deposition and the presence of intraalveolar macrophages have also been reported.'5 Indeed, a case suggestive of DIP, on light microscopy, associated with von Recklinghausen's disease ha.s been previously observed.5
The cell membranes of the intraalveolar cells were of extreme interest. The presence of tight junctions associated with cells otherwise having the characteristics of macrophages suggest possible transformation of the granular pneumocytes. Flowever, this could not be definitely proved from our observations. While tight junctions and desmosomes are characteristic features of epithelial cells, desmosomes and hemidesmosomes have been described in diverse mesenchymal tissues'6 and rat peritoneal macrophages. 7 Suzuki et al'8 have recently observed transformation of alveolar lining cells into active phagocytes with many morphologic characteristics of alveolar macrophages.
Despite our observations, the pathogenesis of the disease process remains unknown. Interstitial fibrosis and cyst formation may be the expression of an inherited mesenchymal defect which results in the primary deposition of collagen, rather than a postinflammatory reparative reaction. Fibrous tissue proliferation in diverse mesenchymal tissues, such as blood vessels'920 and bone,2' have been infrequently described in von Recklinghausen's disease, lending some support to this view.
The immunofluorescent methods contribute to the understanding of the pathogenesis of the lung disease only in the sense that circulating antibody was not demonstrated present in the lung at the stage of disease that the biopsy was performed. The absence of fixed globulins or compliment and of circulating autoantibodies, however, minimizes their possible etiologic role.
The growing number of reports of familial interstitial fibrosis demonstrates that pulmonary fibrosis can be genetically transmitted.22 Although the pathogenesis of the inherited disease is not understood, vertical transmission invites comparison to those patients with von Recklinghausen's disease. One instance of familial pulmonary fibrosis and neurofibromatosis has been reported. 2 Although there may be possible common factors relating pulmonary fibrosis with von Recklinghausen's disease to other types of interstitial pneumonia, our studies have failed to firmly establish a relationship. The ultrastructural similarities to those reported in some cases of DIP may reflect a limited reaction pattern of the lung to injury, rather than a similar etiology or pathogenesis. Chest 55:7-12, 1969 Home,SweetHome 
